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Abstract
Renewable fuels cannot be evaluated clearly as a part of sustainability from their air pollution point of view. A comparison test series have 
been conducted and from their results external cost has been calculated. Three different fuels and their controlled blends have been 
investigated, which are the fossil diesel, conventional, standardized biodiesel, and a new type, so called TBK-biodiesel. Fuels have been 
investigated in a bus Diesel-engine, which operated in steady state points. Air pollution components like CO2, CO, HC, NOx and particulate 
have been taken into consideration for the calculation. The calculation method is a self-made one. On the basis of the results it can be 
stated that the overall external costs are higher in all cases of engine operating if renewable fuel is blended in the tested fuel.
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1 Introduction
Diesel engines are the basic engine in a wide range of 
applications. The number of vehicles, applications pro-
pelled with diesel engines is growing continuously [1]. 
A wide range of alternative fuels is offered in the trans-
port sector, among them, biofuels [2, 3]. Biofuels were 
introduced for a number of reasons: first of all for diver-
sification of the energy sources, secondly reducing the 
consumption of fossil fuels, and finally increasing energy 
security. So bio derived fuels can be an important part of 
sustainability from energy source, energy security point of 
view. Additionally, biofuels have a more favorable exhaust 
gas emission and greenhouse gas emission [2, 4]. But they 
cannot be classified clearly as elements of sustainability if 
particulate emissions of an internal combustion engine are 
involved [5, 6].
Energy production, transportation is a part of our daily 
life. Making these activities result not only positive but 
negative effects as well. Externality is one kind of exter-
nal or overflow effect, which occurs, when the produc-
tion or the consumption cause additional cost, while these 
costs are being not compensated by the causer. It can also 
mean that the external economy effect is caused by one 
economic operator to the operator, which doesn't appear 
in the market transaction [7].
Negative externality can be the air pollution, the noise 
pollution, the increased travel time caused by traffic jam 
as well as the increased fuel consumption. The infrastruc-
ture splits the region, which situation has a negative effect 
on the communities live there. Furthermore changes in 
our built environment, culture values, heritage as well as 
the deterioration in the clarity of the air can be listed to the 
externality [8]. Chronic diseases, increase in mortality can 
also be mentioned among the long term effects.
The natural environment, namely the clean air's mone-
tary valuation can be justified as follows [9]:
1. It contributes the consideration of environmental 
damages for economy decisions.
2. It promotes that natural capital components would 
not be represented in the calculations with zero value.
3. It enables comparative analyzes and evaluations of 
natural capital.
Cost based methods (replacement cost method, shadow 
project, cost recovery method, defense cost, production factor 
method, cost-benefit analysis) → Revealed preference meth-
ods (travel cost method, hedonic pricing method) → Stated 
preference methods (contingent valuation method, contin-
gent selection method, contingent ranking method) [10].
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Benefit transfer method cannot be categorized into 
either above mentioned category. It can be considered as a 
comprehensive method, which combines all the methods. 
The benefit transfer method uses the results of earlier con-
ducted researches instead of performing the introduced 
original surveys, assessments [11].
Since this work's aim is not to evaluate monetarily the 
external effects of emission derived from road transport, 
thus the benefit transfer method will be used with the help 
of literature's data to determine the external cost effect of 
the different tested fuels.
A basic aim of this work is to make a comparing assess-
ment on a natural capital basis regarding external cost effect 
of the emission of a bus Diesel-engine running on differ-
ent kind of biofuels and their controlled blends. The benefit 
transfer method has been used for the calculations.
2 Experimental investigation, emission data 
for calculation
2.1 Tested fuels and their controlled blends
For the comparison tests series fossil-derived diesel fuel 
(D2) - corresponding to the standard [12] - purchased from 
a gas station in Hungary has been used as a reference fuel. 
The second tested fuel was a rapeseed biodiesel meeting 
the standard [13]. The TBK-biodiesel - the third tested fuel 
-, or also called Triglycerides of Modified Structure is a 
new type biofuel [14, 15]. Table 1 shows the most import-
ant physicochemical properties of the unblended fuels. 
Beside the pure fuels four different blends have been made 
in a controlled way. So the seven different fuel composi-
tions were according to the following: pure fossil diesel, 
blend of both bio fuels with blending ratio of 25V/V% and 
75V/V%, pure FAME and pure TBK. It is important to 
mention that reference fuel, which is diesel, may consist of 
7 % of FAME. So blends have been created that this con-
jecture has been taken into consideration. This means that 
there is a small amount of conventional biodiesel in the 
TBK-Biodiesel and diesel blends.
2.2 Tested engine
The tests series have been carried out in engine type 
RÁBA D10 UTSLL 160, which is the most commonly 
used engine in the Hungarian bus fleet. Because of this 
it is very important to know, how the emission proper-
ties are changing with the different fuels, because it has a 
high influence on the imission situation in larger towns in 
Hungary. This engine is able to run on higher level of bio 
blending rate. Modifications on the engine haven't been 
performed during the test series. The engine operated with 
the basic settings of the engine for fossil diesel.
2.3 Test method
The three test points have been chosen in relation to com-
bustion process in the engine and the emission of the 
engine. In these three test points the combustion process 
and the pollutants emitted by the engine may be very dif-
ferent. (Measuring more than three points did not seem 
justified and it was avoided in order to prevent damages 
caused to the engine or the measurement system during 
the 30 to 50 minutes' test, which requires a high quantity 
of fuel). Three points were chosen for the tests from the 
speed-load range of the engine as follows: 1. 1300 rpm - 
50 % load, 2. 1900 rpm - 25 % load 3. 1900 rpm - 75 % 
load, where 50 % means 450 Nm, 25 % load equal with 
200 Nm and 75 % load equivalent to 600 Nm torque.
These control points are a part of the formal emis-
sion type approval requirement and they have been taken 
from [16]. The settings of the engine remained unchanged 
during the measurement series with any kind of tested 
fuel, which means the required torque had to be reached 
with any kind of fuel.
3 Cost data, calculation method
Specific emission factors are needed to be used for calcu-
lating the external cost of the emission components derived 
the bus Diesel-engine. These factors have been taken from 
different research studies [17-21] composed on this field. 
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Fig. 1 The pollution chain (own editing)
Table 1 The most important basic properties of the tested fuels
Fuel Density [kg/dm3] at 15 °C
Kin. viscosity 
[mm2/s.] at 40 °C
Lower heating 
value [MJ/kg]
Diesel 0.837 2.98 42.12
Biodiesel 0.877 5.05 36.29
TBK 0.905 6.43 34.81
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Table 2 shows the selected and used cost factors connected 
to the different emission components. Emission compo-
nents are carbon-dioxide, carbon-monoxide, hydrogen-car-
bon, nitrogen-oxides and particulate. This is the first data 
set which will be used for calculations.
The factors are given with different reference year, 
therefore a recalculation is needed. After the recalculation 
with the help of the inflation and exchange rate factor val-
ues are given to the year 2016 and in Ft.
The second main data set contains the emission val-
ues of the engine in the three tested operation points and 
regarding all the tested fuel derivative. Data set can be 
seen in Table 3.
Emission values have been determined in the measure-
ment unit of g/kWh. In order to be able to calculate cost, 
emission values must be in measurement unit g/km. For the 
transfer between the two measurement units a method has 
been developed. The essence of this method is performing 
a simulation, namely at all engine operating points, with all 
of the tested fuels the engine runs until 800.000 km [18], 
with a tested engine related characteristic average fuel con-
sumption. Calculation steps are as follows:
• (i) a fuel consumption value of 25 l/100 km have 
been selected which value is fit for a bus relevant 
from the engine point of view.
• (ii) The energy content or heating value of diesel is 
known in [MJ/liter] from [22], thus 100 km specific 
energy consumption can be calculated [kWh/km].
• The km related fuel consumption values of bio 
blends and pure biofuels is calculated with the help 
of the fuel consumption in case of diesel and the 
proportion of heating values between diesel and 
actually tested fuel. The fuel consumption values 
will always be higher in case of bio blends and pure 
biofuels compared to diesel.
• (iii) if the values from (ii) are multiplied with values 
in Table 3 and 4 the results will be the values of pol-
lutants' emission related 1 km.
• (iv) if values from (iii) are multiplied with mile-
age value, which is 800.000 km, the results will be 
related to pollutants' emission of the engine of the 
mileage in the measurement unit of ton.
• (v) if values in (iv) are multiplied with factors from 
Table 2 then we can get the cost values regard-
ing whole mileage per emission components 
[Ft/ton*component].
• (vi) costs for each component can be summarized 
and the results will be regarding mileage and per ton 
of pollutants' component [Ft/ton*pollutant].
• (vii) steps (i)-(vi) have been carried out for all of the 
tested fuels.
4 Results and discussion
4.1 Pollutant components 
In the first part of this section the cost effect of emitted pol-
lutants will be shown. Components are nitrogen-oxides, 
Table 2 Cost specific emission factors
Literatur Ref. year CO NMHC (VOC) CH4 NOx PM2.5 PM10 CO2
  Specific damage value in €/ton
Bickel et al. [20] 2002 800 5 000 102 000
DG MOVE [17] 2010 1 569 19 580 114 576 90
IPCC [21] 2010 2 520
2009/33/EK [18] 2007 1 000 4 400 87 000 30-40
Gerbec et al. [19] 2010 4.9
  Specific damage value in 2016 in Ft/ton
Bickel et al. [20] 2002  317 600  1 985 000 40 494 000  
DG MOVE [17] 2010  486 390  6 069 800 35 518 560  27900
IPCC [21] 2010   781 200    
2009/33/EK [18] 2007  329 000  1 447 600 28 623 000 11515
Gerbec et al. [19] 2010 1 519      
Average 1 519 377 663 781 200 3 167 467 34 878 520 19708
 Average of specific damage value in 2016 in Ft/ton
Used external cost factors [Ft/ton] 1 519 579 432 3 167 467 34 878 520 19708
CO HC NOx particulate CO2
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carbon-monoxide, hydrogen-carbon and particulate. 
Fig. 2 show the calculated specific emission of these 
air-phase components in the function of the tested fuel. 
Notable can be that the emission of nitrogen-oxides has 
the highest level while particulate the second highest. 
It can be clearly observed that the emission of these two 
components increases with the growing bio blending rate. 
Results are presented just for the 1. operating point which 
is 1300 rpm and 50 % load. The tendencies of the other 
two operating points are similar to this. The external cost 
results of these emission values are shown in the Fig. 3. 
Results are shown in million Ft.
On the basis of the Fig. 3 particulate has the highest cost 
effect for all kind of tested fuel. Beside particulate, NOx 
also has a remarkable external cost. Cost are in the order 
of magnitude of hundred of millions Ft in case of particu-
late and in tens of millions Ft in case of nitrogen-oxides. 
Compared to these two components the cost of the other 
two components are negligible. Sum of cost for all engine 
operating points are presented in Fig. 4. Sum have been 
calculated from the above mentioned four components. 
It is important first to mention that cost increases with 
growing blending ratio of bio-derived fuel to the tested 
fuel. It is proved to be true at all operating points. Sum of 
cost values reach the hundreds of millions in Ft.
Table 3 Specific emission values of pollutants
Engine operating point 1300 rpm - 50 % load 1900 rpm - 25 % load 1900 rpm - 75 % load
Emission [g/kWh] NOX CO HC PM NOX CO HC PM NOX CO HC PM
Diesel 8.49 1.22 0.55 1.66 6.33 3.98 1.00 3.39 5.21 1.17 0.50 0.98
25 % FAME 8.43 1.18 0.42 1.70 6.44 4.09 0.87 3.78 5.20 1.00 0.36 1.14
75 % FAME 8.73 1.12 0.41 1.74 6.64 3.97 0.82 4.53 5.64 1.04 0.43 1.37
100 % FAME 8.64 1.24 0.42 1.84 6.67 3.98 0.86 5.72 5.42 1.01 0.43 1.45
25 % TBK 7.94 1.20 0.49 1.75 6.25 3.96 0.93 4.22 5.24 1.15 0.49 1.33
75 % TBK 8.09 1.17 0.48 1.83 6.23 4.16 0.96 5.25 5.33 1.12 0.50 1.78
100 % TBK 8.74 1.15 0.42 2.06 6.40 4.29 0.98 6.48 5.52 1.10 0.47 1.87
Table 4 Specific emission values of CO2
CO2 emission 
[g/kWh]
1300 rpm - 
50 % load
1900 rpm - 
25 % load
1900 rpm - 
75 % load
Diesel 804.5 924.7 645.3
25 % FAME 797.7 900.0 638.9
75 % FAME 789.5 909.8 637.9
100 % FAME 819.4 932.7 659.7
25 % TBK 793.3 903.1 641.0
75 % TBK 789.9 939.3 656.7
100 % TBK 804.1 927.5 656.7
Fig. 2 Pollutant component's emission values with different 
measurement unit
Fig. 3 The cost of the four different pollutants
Fig. 4 The cost of the sum of the four different pollutants
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In this subsection above the cost of four most import-
ant components have been presented. The calculation 
with carbon-dioxide will be introduced with the in the 
next subsection.
4.2 Calculation with carbon-dioxide
The greenhouse gas emission saving in case of rape-
seed-biodiesel is 45 per cent [4]. This value has also been 
used in case of TBK-biodiesel, because a fit value for TBK 
could not be found in the document. With help of this 
information calculation of CO2 have been made for the 
different blends and engine operating points as follows:
CO bio CO CO2 2 225 0 75 0 25 0 55( )% . * . * . *= +   (1)
CO bio CO CO2 2 275 0 25 0 75 0 55( )% . * . * . *= +   (2)
CO bio CO2 2100 0 55( ) .% . *=  (3)
Using the data set of Table 4 and by the help of Eqs. (1)-(3) 
the calculated CO2 values are shown in Fig. 5. As expected 
the CO2 emission decreases continuously with increasing 
bio blending rate. It is independent from the engine oper-
ating point. The rate of decline is the same for both of the 
two biodiesel. The following subsection shows how much 
effect has the cost reduction of CO2 on the total external cost. 
Whether can the declining tendency of CO2 compensate the 
cost of increasing NOx and particulate.
4.3 External costs of all the emission components
In this section the results of the calculations will be shown 
where costs of all the relevant emission components have 
been taken into consideration. Fig. 6 shows the results for 
the 1. operating point of the engine and in case of all the 
components. It is remarkable that particulate emission 
has the highest cost effect among the components. It can 
be seen the declining tendency in the CO2 emission with 
growing renewable blending rate. The answer to the ques-
tion raised in the last subsection can be read from the dia-
gram, namely the decreasing cost of CO2 cannot compen-
sate the growing cost of particulate and NOx.
On the basis of the results of Fig. 7 the final conclu-
sions can be established. At all engine operating points 
the blending of renewable blending component to the 
tested fuel has a cost-increasing effect. The cost values 
are in the order of magnitude of hundreds of millions Ft. 
It belongs for one bus for its mileage. This information is 
very important to know and to use it as part of the complex 
evaluation of renewable fuels.
5 Conclusions
An emission related economic evaluation of renewable 
fuels have been carried out and introduced in the paper 
above. Two different kinds of renewable fuels have been 
investigated in a bus compression ignition engine while the 
exhaust gas emission has been measured. Components of 
the exhaust gas were the basic information for the calcula-
tion of external cost. An own calculation method has been 
composed for the calculation. On the basis of the results the 
most important findings can be stated as follows:
Fig. 5 Calculation results of CO2 taken into consideration the CO2 
saving of renewable fuels
Fig. 6 External cost values per the emission components
Fig. 7 Sum of external cost values per tested fuels and per engine 
operating point
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• Blending bio-derived fuel to the tested fuel has a neg-
ative effect on the air pollution related external cost.
• The negative effect proved to be true at all the engine 
operation points.
• The negative effect proved to be true for both kinds 
of the investigated biofuel and also for their blends.
• On the basis of first three findings renewable fuels 
cannot be part of sustainability neither from air pol-
lution nor from economic point of view.
• Emission related economic evaluation of renewable 
fuels must be a part of a complex technical-eco-
nomic evaluation.
It can be a next task to carry out measurements on other 
engines and to do calculations where the composition of 
the Hungarian bus fleet is taken into account.
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